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[57] ABSTRACT 
Dispersants for aqueous coal suspensions containing 
(a) lignin sulfonic acid and/or alkali metal, alkaline 

earth metal and/or ammonium salts thereof, 
(b) one or more alkyl ether phosphates corresponding 

to general formulae (I) and/or (II) below 

R—(OCH3CH2),,,0 o. (I) 

\P/ 
/ \ 

R—(0CHzCH2)nO OM 

R-(OCl-l CH3) 0 0 (II) 
2 m \P/ 

/ \ 
MO OM 

in which 
R is straight-chain or branched C3-C2; alkyl or alke 

nyl radical, 
M is hydrogen, an alkali metal, ammonium, or an 

alkaline earth metal, and 
m and n are numbers of from 1 to 15, and . 

(c) optionally, other auxiliaries of the type typically 
present in such dispersants. 

15 Claims, No Drawings 
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DISPERSANTS AND THEIR USE IN AQUEOUS 
COAL SUSPENSIONS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to dispersants containing lignin 

sulfonic acid and/or alkali metal, alkaline earth metal, 
or ammonium salts thereof and to their use in aqueous 
coal suspensions. 

2. Statement of Related Art 
In view of the expected shortage of crude oil as a fuel 

due to the decline in natural reserves worth producing 
on the one hand and the need to use them as a chemical 
raw material on the other hand, energy-recovery pro 
cesses in which aqueous coal suspensions are subjected 
to high-temperature combustion have recently been 
gaining in importance. Aqueous coal suspensions offer 
the major advantage over coal in solid, albeit ?nely 
divided, form in that they may be conveyed over rela 

5 

tively long distances at relatively low cost in transport ' 
systems known from the transport of crude oil, for 
example pipelines or overland pipelines. However, the 
disadvantage is that the dispersion medium, water, 
which is inert to combustion, reduces the gross calori?c 
value of aqueous coal suspensions. So far as the coal 
content of aqueous coal suspensions is concerned, an 
excessive coal content has to be avoided with transport 

. ability in mind whereas as high a coal content as possi 
ble is desired with the gross calori?c value in mind. 

It is known from the prior art that aqueous coal sus 
pensions may be provided with additives which im 
prove ?uidity during transport in pipelines, but which 
on the other hand allow an increase in the coal content 
of the aqueous coal suspensions and hence considerably 
increase the gross calori?c value. Such additives also 
improve the combustion properties of the aqueous coal 
suspensions. For example, it is known from German 
Patent 27 27 943, from EP-B 0 050 412, from EP-A O 
089 766 and from EP-A 0 092 353 that organic disper 
sants selected from the group comprising organic sul 
fonic acids and/or alkali metal, alkaline-earth metal or 
ammonium salts thereof, more especially lignin sulfonic 
acid and corresponding salts thereof, may be incorpo 
rated in aqueous coal suspensions to improve their ?uid 
ity and, at the same time, to increase their coal content. 
Providing the coal used to prepare the coal suspensions 
has a suitable sieve analysis, it is possible to produce 
readily pumpable suspensions having coal contents of 
from 10 to 50% by weight. 
However, it is generally desired to further increase 

the coal content in order to increase the gross calori?c 
value of aqueous coal suspensions, because aqueous coal 
suspensions can ony be economically used for industrial 
combustion processes for energy recovery beyond a 
coal content of 65% by weight coal, based on the total 
weight of the suspension. In addition, it is desired to 
further reduce the viscosity of aqueous coal suspensions 
to provide for convenient transport even through pipe 
lines of comparatively narrow cross-section. 

DESCRIPTION OF THE INVENTION 

Other than in the operating examples, or where oth 
erwise indicated, all numbers expressing quantities of 
ingredients or reaction conditions used herein are to be 
understood as modi?ed in all instances by the term 
“about”. 
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2 
It has now surprisingly been found that the viscosity 

of aqueous coal suspensions can be further reduced and 
their solids content further increased if, in addition to 
alkali metal and/ or alkaline earth metal lignin sulfonates 
as additives, alkyl ether phosphates are added as co 
additives to aqueous coal suspensions. . 
The dispersants of the present invention contain lig 

nin sulfonic acid and/or alkali metal, alkaline earth 
metal, and/orammonium salts thereof, and at least one 
alkyl ether phosphate corresponding to general formu 
lae (I) and/or (11) below: 

o 
\/ 
P 

/ \ 
M0 OM 

in which 
R is a straight-chain or branched C8-C2; alkyl or alke 

nyl radical, M is hydrogen, an alkali metal, ammo 
nium, or alkaline-earth metal and wherein the M 
groups in formula II can be the same or different, and 

m and n are independently numbers of from 1 to 15, and 
optionally other auxiliaries of the type typically pres 
ent in dispersants of the present type. 
The present invention also relates to the use of these 

dispersants in aqueous coal suspensions. 
The dispersant according tov the invention contains 

one or more compounds from the group of lignin sul 
fonic acid, alkali metal salts of lignin sulfonic acid, alka 
line earth metal salts of lignin sulfonic acid, and ammo 
nium salts of lignin sulfonic acid as an anionic, surfact 
ant-like component. These compounds can be present in 
the dispersants either individually or in the form of 
mixtures of two or more gornpgunds. With respect to 
mixtures, the quantitative ratio between the individual 
compounds to one another is not critical. The primary 
object of these compounds is to reduce the interfacial 
tension between the coal particles and the aqueous 
phase in order to wet the surface of the coal particles. 
The dispersants according to the invention contain as 

another essential component at least one alkyl ether 
phosphate corresponding to general formulae (I) and 
(II) set forth above. 

In general formulae (I) and (II), R can be n-octyl, 
n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n 
tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl, 
n-octadecyl, n-nonadecyl, n-eicosyl, n-uneicosyl and 
n-docosyl for the linear alkyl radicals. R can also repre 
sent the branched-chain 'homologs of the above n-alkyl 
radicals, or can be mono- or polyunsaturated radicals 
which correspond to the straight-chain or branched 
alkyl radicals in the number of carbon atoms and which 
contain one or more C:=C bond(s) anywhere in the 
chain. However, since the starting compounds corre 
sponding to the substituent R in general formulae (I) 
and (II) preferably emanate from the fatty acid compo 
nent of fats and oils of animal or vegetable origin, in 
which the lengths of the alkyl or alkenyl chains are 
scattered over a more or less wide chain-length range, 
the substituents R in general formulae (I) and (II) are 
normally mixtures of alkyl and alkenyl radicals of dif 
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ferent structure and chain length. In this connection, it 
is possible to use compounds which, depending on their 
origin, contain from certain native fats and oils alkyl 
radicals R which correspond to the entire spectrum of 
fatty alkyl radicals of such fats and oils. However, it is 
also possible to select suitable fractions within a limited 
chain-length range. Compounds corresponding to gen 
eral formulae (I) and (II) also include individal, synthet 
ically obtained and hence pure compounds (I) and/or 
(II). For example, it is possible to use alkyl ether phos 
phates (I) and/or (II) of which the alkyl radical R ema 
nates from fatty alcohols or fatty alcohol mixtures of the 
type formed in the known Ziegler and oxo reactions. 

In preferred embodiments, the dispersants according 
to the invention contain one or more alkyl ether phos 
phates corresponding to general formulae (I) and/or 
(II) above, in which R is a straight-chain alkyl or alke 
nyl radical. This is particularly the case when the fatty 
alcohols (ROH) on which the synthesis of the com 
pounds corresponding to general formulae (I) and (II) is 
based are of the type obtained from native fats and oils, 
for example via the transesterification of the triglycer 
ides with methanol, followed by catalytic hydrogena 
tion of the fatty acid methyl ester. In the natural mix 
tures, the straight-chain radicals R predominate. ‘ 

In another embodiment, alkyl ether phosphates in 
which R is a straight-chain C12_c13 alkyl or alkenyl 
radical are preferably used in the dispersants of the 
invention. Apart from their convenient availability, the 
C124“; alkyl or alkenyl radicals occurring particularly 
frequently in the natural chain length spectrum have the 
further major advantage that they can be used as com 
ponents in dispersants which are particularly effective 
in reducing the viscosity of aqueous coal suspensions. 
The alkyl ether phosphates corresponding to general 

formulae (I) and (II) present in the dispersants accord 
ing to the invention can be used either as free acids of 
the monoesters (II) or diesters (I), in which case M in 
the general formulae is hydrogen. However, the corre 
sponding water-soluble alkali metal, alkaline-earth 
metal and/or ammonium salts of the particular free 
acids can also be used. In this case, M in the above 
general formulae is an alkali metal, an alkaline earth 
metal, or ammonium. Preferred alkali metals are lith 
ium, sodium and potassium; preferred alkaline-earth 
metals are magnesium, calcium and strontium. M is 
preferably an alkali metal, particularly sodium. ' 

' In general formulae (I) and (II), the indices in and n 
are numbers of from 1 to 15. The number of ethoxy 
groups corresponding to the indices results from reac 
tions of the fatty alcohols with ethylene oxide, m and n 
indicating the ratio of ethylene oxide to alcohol on 
which the reaction is based. It is known that not only 
pure substances, but also mixtures of substances differ 
ing from one another in the number of ethoxy groups 
added are formed in the course of such reactions. Ac 
cordingly m and n represent only average values and, in 
practice, may be whole or broken numbers within the 
above range. In particularly preferred embodiments, 
the dispersants according to the invention contain one 
or more compounds corresponding to general formulae 
(I) and (II), in which m and n are numbers in the range 
of from 2 to 12 and, more preferably, in the range of 
from 8 to 10. 

In other particularly preferred embodiments, the 
dispersants according to the invention contain one or 
more alkyl ether phosphates corresponding to gerneral 
formulae (I) and/or (II), in which 
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4 
R represents straight-chain C12-C13 alkyl or alkenyl 

radicals, 
M is sodium and 
m and n are numbers of from 8 to 10. 

Phosphoric acid mono- or diester salts such as these 
together with the lignin sulfonic acid and/or water-sol 
uble salts thereof, provide for a particularly distinct 
reduction in the viscosity of aqueous coal suspensions, 
despite a high coal content. In addition, aqueous suspen 
sions such as these have an advantgeously high gross 
calori?c value. 

In preferred embodiments of the invention, the aque 
ous dispersants contain lignin sulfonic acid and/or salts 
thereof and one or more alkyl ether phosphates corre 
sponding to general formulae (1) and (II) in a ratio by 
weight in the range of from 4:1 to 20:1. By virtue of the 
particularly good results they provide in reducing the 
viscosity of aqueous coal suspensions, it is of advantage 
to use dispersants in which lignin sulfonic acid and/or 
salts thereof and one or more alkyl ether phosphates are 
present in a ratio by weight of from 4:1 to l0:1. 

In addition to the components mentioned above, the 
dispersants of the invention may also contain other 
components which are not absolutely essential to the 
dispersing effect of the dispersants. Such components 
may include, for example, stabilizers, foam inhibitors, 
biocides and/or corrosion inhibitors which are known 
as such for this purpose and which are also used in 
dispersants known from the prior art. For example, guar 
or guar derivatives, cellulose or cellulose derivatives, 
xanthan or the like are added as stabilizers. The foam 
inhibitors include adducts of propylene oxide and/or 
ethylene oxide with fatty alcohols and/or long-chain 
fatty acids, for example with behenic acid. Biocides or 
corrosion inhibitors which maybe used with advantage 
are also known from the prior art. 
The dispersants of the invention are prepared by 

methods known per se from the prior art, for example in 
ball mills or conventional stirring vessels. Pastes or 
highly viscous liquids are normally formed, being for 
mulated either as such or in admixture with water, pref 
erably in a ratio by weight of 1:1. 
To prepare aqueous coal suspensions, the dispersants 

formulated in paste or highly viscous liquid form are 
stirred into the aqueous phase in which they are then 
normally present in quantities of from 0.01 to 5% by 
weight, based on the quantity of coal. 
Over the entire concentration range indicated, they 

provide for a distinct reduction in the viscosity of aque 
ous coal suspensions compared with suspensions of the 
type in which—as known from the prior art—sodium 
lignin sulfonate is used on its own as additive, i.e., with 
out any other additives. Suspensions of the invention 
have viscosity values which enable them to be pumped 
without dif?culty through pipes and pipelines and de 
livered to the combustion furnaces. By virtue of their 
high coal content of 65% and higher, they have a very 
high gross calori?c value, making aqueous coal suspen 
sions of the present type inexpensive and economical to 
use in power stations. 
The invention is illustrated but not limited by the 

following Examples. . 

EXAMPLES 

Examples 1 to 3 

A German coal sample was ground to an average 
particle size of 100% <200 um and separated from 
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coarser coal particles by means of a sieve. Aqueous coal 
suspensions containing 65% coal were prepared using 
sodium lignin sulfonate (source: Lignin-Chemie, Wald 
hof-Holrnen, Federal Republic of Germany) and a mix 
ture of alkyl ether phosphates (mixture of the sodium 
salts of phosphoric acid mono- and diesters containing 
from 8 to l8_carbon atoms in the alkyl radical and on 
average 9.5 ethoxy groups (source: Forlanit (®)p, Hen 
kel KGaA, Diisseldorf, Federal Republic of German 
y).The concentration of the above dispersant of the 
invention was 1% by weight, based on the quantity of 
coal. 
The apparent viscosity of the suspensions was mea 

sured as a function of the shear rate using a rotational 
viscosimeter (Contraves Rheomat 30) in the shear rate 
range of from 0 s"l to 200 5-1. 
The results are shown in the following Table. 

Ratio of lignin 
sulfonate to Viscosity tmPas! 
alkyl ether at at at 

Example phosphate 50 s~1 100 s"1 200 s-1 

1 19:1 492 456 422 
2 9:1 485 447 413 
3 4:1 446 410 382 

Comp. 1 :0 500 456 477 

Result: 
Over the entire shear rate range, the apparent viscos 

ity of aqueous coal suspensions is distinctly lower than 
where pure lignin sulfonate is used (cf. following Com 
parison Example). 

COMPARISON EXAMPLE 

The procedure was the same as in Examples 1 to 3 
using a dispersant containing only sodium lignin sulfo 
nate as additive. The result is shown in the preceding 
Table (under “Comp.”). 
We claim: 
1. A dispersant composition for aqueous coal suspen 

sions comprising 
(a) at least one of lignin sulfonic acid, an alkali metal 

salt thereof, an alkaline earth metal salt thereof, or 
the ammonium salt thereof, and 

(b) at least one alkyl ether phosphate of the formula 

0 (I) 

R—(OCH2CH1),,,0 (II) 

in which 
R is a straight-chain or branched C3-C2; alkyl or 

alkenyl radical, 
M is hydrogen, an alkali metal, ammonium, or an 

alkaline earth metal, and 
m and n are numbers of from 1 to 15; 

and wherein the ratio by weight of (a) to (b) is in the 
range of from about 4:1 to about 20:1. 

2. The dispersant composition of claim 1 wherein in 
(b) R is a straight-chain C12-C13 alkyl or alkenyl radical. 
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3. The dispersant composition of claim 1 wherein in 

(b) M is an alkali metal. 
4. A dispersant composition of claim 3 wherein M is 

sodium. 
5. The dispersant composition of claim 1 wherein in 

(b) m and n are numbers of from 2 to 12. 
6. The dispersant composition of claim 5 wherein m 

and n are numbers of 8 to 10. 
7. The dispersant composition of claim 1 wherein in 

(b) R is a straight~chain Gig-C13 alkyl or alkenyl radical, 
M is sodium, and m and n are numbers of from 8 to 10. 

8. The dispersant composition of claim 1 wherein the 
ratio of (a) to (b) is from about 4:1 to about 10:1. 

9. The dispersant composition of claim 1 wherein the 
composition also contains one or more of a stabilizer, a 
form inhibitor, _a biocide, or a corrosion inhibitor. 

10. An aqueous coal suspension containing from 
about 0.01 to about 5% by weight, based on the quantity 
of coal, of a dispersant composition comprising 

(a) at least one of lignin sulfonic acid, and alkali metal 
salt thereof, an alkaline earth metal salt thereof, or 
the ammonium salt thereof, and 

(b) at least one alkyl ether phosphate of the formula 

0 (I) 

R-(OCH2CH2),,,O 0 (II) 

\P/ 
/ \ 

MO OM 

in which 
R is a straight-chain or branched C8-C2; alkyl or 

alkenyl radical, 
M is hydrogen, an alkali metal, ammonium, or an 

alkaline earth metal, and 
m and n are numbers of from 1 to 15; 

and wherein the ratio by weight of (a) to (b) is in the 
range of from about 4:1 to about 20.1. 

11. The aqueous coal composition of claim 10 
wherein in (b) R is a straight-chain C12-C1g alkyl or 
alkenyl radical, M is sodium, and m and n are numbers 
of from 8 to 10. 

12. The aqueous coal composition of claim 10 
wherein the composition also contains one or more of a 
stabilizer, a foam inhibitor, a biocide, or a corrosion 
inhibitor. ’ 

13. A method of reducing the viscosity of an aqueous 
coal suspension comprising adding thereto from about 
0.01 to about 5% by weight, based on the quantity of 
coal, of a dispersant composition comprising 

(a) at least one of lignin sulfonic acid, an alkali metal 
salt thereof, an alkaline earth metal salt thereof, or 
the ammonium salt thereof, and 

(b) at least one alkyl ether phosphate of the formula 

R- (OCH2CH1),,,O O (I) 



7 

-continued 

R-(OCHCH) O , O 
2 2m \P/ 

/ \ 
M0 OM 

in which 

5,028,238 

(II) 

10 

R is a straight-chain or branched C3-C2; alkyl or 

alkenyl radical, 
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8 
M is hydrogen, an alkali metal, ammonium, or an 

alkaline earth metal, and 
m and n are numbers or from lto l5; ' 

and wherein the ratio by weight of (a) to (b) is in the 
range of from about 4:1 to about 20:1. , 

14. The method of claim 13 wherein in component (b) 
of the dispersant composition R is a straight-chain 
C12_c1g alkyl or alkenyl radicaL'M is sodium, and m and 
n are numbers of from 8 to 10. 

15. The method of claim_13 wherein the dispersant 
composition also contains one or more of a stabilizer, a 
form inhibitor, a biocide, or a corrosion inhibitor. 

8! i t 1 3 


